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Abstract.  Heat and moisture production (HMP) values are used to size ventilation fans in animal housing.  
The HMP values that are currently published in the ASABE standards were from data collected in the early 
1950s.  This study is one of a series of studies being conducted to update the HMP values for the ASABE and 
ASHRAE (American Society of Heating, Refrigeration, and Air Conditioning Engineers) Standards.  This study 
focused on the HMP measurements on growing gilts in the weight range of 60 to 120 kg over a temperature 
range of 16 to 32°C.  Thirty gilts selected on the basis of weight and health status were placed in one of five 
environmental chambers and in one of six pens in each chamber.  Heat production rate (HP) was determined 
using indirect calorimetry methods after the animals were acclimated for 2 weeks to a particular temperature.  
Each measurement was made on an individual animal over a 21-hr period.  It was determined that HP 
decreased, feed intake decreased, and moisture production (MP) increased as environmental temperature 
increased.  HP was directly affected by the level of feed consumption.  Dynamic measurements showed a 
diurnal HP pattern in that it was higher during light period than during dark period, with an immediate increase 
as the lights were turned on.  Results on nursery age animals will be reported in a companion study. 
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Introduction 
Heat production (HP) and moisture production (MP) rates are important criteria in building 
design because they provide the basis of design capacity for fans and heaters to control 
temperature and moisture in the buildings. Temperature and humidity control is important, not 
only to maximize animal well-being and production, but also to prolong the life of the structure. 
Environmental temperature and animal size effects on HP and MP values can be found in 
published standards (ASABE, 1986; ASHRAE, 2001). The standards are based on data taken 
35 years ago for nursery pigs (Ota et al., 1975) and over 50 years ago for growing-finishing and 
breeding stock (Bond et al., 1959).  
Production systems, genetics and nutrition for swine have seen significant changes in the past 
50 years.  A literature review published in 2004 (Brown-Brandl et al., 2004) cited changes in 
body composition, 5.1 % increase in retail meat yield from 1960 to 2000, and a decrease in lard 
yield from 13.6% of live weight in 1960 to 1.9% of live weight in 1988.  Additional changes in 
production performance were also reported between 1991 and 2001 for several breeds of pigs 
(Anderson, 2002).  Across the breeds evaluated pigs were finished an average of 3.6 days 
sooner, with 4.8 mm less backfat and 1.76 kg more lean meat.  Lean tissue accretion rates have 
continued to rise since 2001.  Pork Facts (2011) reported dressing percentage of 75.9% in 2010 
as compared to 73.9% in 2001. 
Heat production increases with the increase in lean tissue accretion rates (Tess et al., 1984).  A 
HP increase of 14.6% can be predicted from the correlation given in Tess et al. (1984) with the 
lean tissue accretion rate increases reported in Anderson (2002).  Brown-Brandl et al. (2004) 
determined that HP increased 17.4% between 1988 and 2004. 
The objectives of this study were to determine the heat and moisture production rates of 
finishing gilts with respect to weight and environmental temperature. 
Material and Methods 
Thirty gilts (½ Landrace, ¼ Duroc & ¼ Yorkshire) averaging 44.6 (±3.1) kg were selected on the 
basis of weight and health status, and randomly assigned to one of 30 individually pens (1.3m x 
1.3m each) in one of five environmental chambers (6 pens/chamber).  The pigs were grouped 
according to their original placement in the five chambers (each chamber housed a separate 
group).  Each group of pigs was exposed to one of five environmental temperature treatments 
(16, 20, 24, 28, or 32°C).  The exact schedule of treatments is listed in Table 1.  After a 
minimum of 13 days of adaptation to the assigned environmental temperature, each pig was 
moved to the adjacent indirect calorimeters operated at the same environmental temperature 
and humidity where heat and moisture production rates were quantified for a 21-hr period.  After 
the calorimetry measurements were completed, the temperature treatment was changed in such 
a way that all groups of pigs were exposed to all temperature treatments.  The lighting schedule 
was set to provide a 12-hr photoperiod of 6:00 AM to 6:00 PM in all chambers and calorimeters. 
Due to a mechanical failure in one of the environmental chambers, only four chambers were 
used to condition the pigs.  The fifth environmental chamber (Chamber 4) was mainly used as a 
holding area between the treatments of 32°C and 16°C. This chamber was used once to house 
pigs for the 24°C treatment during week 5 – 6, so that the experiment could be finished within 
the 12 week span as originally designed.   
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Table 1.  Temperature treatments (Temp, °C) and locations (Chamber) of the five groups of 
gilts. 
  Week 1-2 Week 3-4 Week 5-6 Week 7-8 Week 9-10 Week 11-12 
 Temp Cham1 Temp Cham Temp Cham Temp Cham Temp Cham Temp Cham 
Group 1 16 1 20 1 24 1 28 1 32 1 -- 4 
Group 2 20 2 24 2 28 2 32 2 -- 4 16 1 
Group 3 28 3 32 3 -- 4 24 4 16 2 20 2 
Group 4 32 5 -- 4 16 3 20 3 24 3 28 3 
Group 5 -- 4 16 5 20 5 24 5 28 5 32 5 
1 Cham = Chamber  
Pigs had ad libitum access to feed and water at all times. Feed intake was monitored in the 
chambers using a weighing load cell.  Data were recorded every 30 seconds as described in 
Nienaber et al. (1996).  The weighing feeders were used to monitor feed consumption for each 
pig to assure that all pigs ate at least 1 kg of feed for the four days prior to the calorimetry 
testing and to identify any potential health problems.  Pre-calorimetry feed intake was based on 
a 4-day average feed intake using this system.   
Quantification of heat and moisture production was completed in the 4-chamber, multiple 
temperature indirect calorimeter as described in Brown-Brandl et al. (2011).  On each day of 
calorimetric quantification, four pigs were moved from their pens into a predetermined 
calorimeter set at the same temperature and humidity as their respective chamber.  Animals 
were weighed before and after each calorimeter run.  A known amount of fresh feed was added 
to the feeder when the animal was placed in the calorimeter.  The feed was removed and 
weighed and the calorimeter pen was cleaned after each run.  Calorimeter runs began at 10:30 
AM, and ended at 7:30 AM the following morning.  Approximately one-hour was needed to 
move and weigh pigs and clean pens, and then two hours were needed to allow the gases 
concentrations to equilibrate within the calorimeters. 
Two cumulative gas samples from each calorimeter and one fresh air sample were collected 
over the 21-hr run time and analyzed as a single sample.  Additionally, dynamic samples (every 
10 minutes) were analyzed during the calorimetry run.  Calorimeter accuracy was verified with 
alcohol lamps before the first set of measurements.  All calorimeter chambers were verified to 
be within a target goal of 98.5 to 101.5% accuracy.  All calorimeters were again verified to be 
within the expected accuracy range after the study was completed. 
After the final heat production measurement, animals were transported to the USMARC abattoir 
for slaughter and carcass measurements.  All offal was collected, separated, digestive track 
emptied and weighed.  Carcasses was weighed, trimmed, and divided into primal cuts to obtain 
a measure of carcass quality and yield.   
Heat and moisture production data were analyzed using the general linear model procedure in 
SAS/STAT®.  The effects of weight, calorimeter feed intake, group, the number of times through 
the calorimeter, and ambient temperature were tested.  A second analysis was completed to 
using proc GLM to develop a quadratic equation to predict heat and moisture production based 
on weight and ambient temperature.  The third analysis was completed to discern differences in 
dynamic responses.  A repeated measures analysis was conducted to test the effects of time 
(average hourly HP) and ambient temperatures. The fourth and final analysis was performed to 
determine the effect of level of feeding on HP, where proc GLM was used to test the effects of 
ambient temperature and energy intake relative to maintenance level M (1M=440 kJ/kg0.75·day) 
(Close and Mount, 1978). 
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Results and Discussion 
Over a 12-wk period, 150 measurements (each measurement is one 21-hr period in the 
calorimeter) of heat and moisture production were made on gilts held at average treatment 
temperatures of (average ± standard deviation)16.0±0.56, 19.7±0.60, 24.7±0.52, 27.8±0.52, and 
31.4 ±0.43°C, with respective dew-point temperatures of 9.8±0.53, 10.9±0.54, 12.0±0.60, 
12.8±0.66, and 14.1±0.8 °C.  Of the 150 measurements, 9 were judged to be unrepresentative 
due to low feed consumption, generally related to fouling the feed or water bowl and were rerun. 
That designation was reached not only from lack of feed consumption in the calorimeter but also 
from a decline in respiratory quotient (RQ < 0.85; RQ=CO2 production/O2 consumption). Table 2 
is a summarization of HP (W/kg), MP (W/kg), feed consumption (kg/day), and RQ as affected by 
environmental temperature. Live body weights averaged 54.3±3.0, 68.7±4.4, 81.4±5.7, 
91.8±6.3, 102.8±7.8, 113.2±6.1 kg at the six 2-week periods.  
 
Table 2.  Mean and standard errors of heat production (HP), moisture production (MP), feed 
intake (FI), and respiratory quotient (RQ = CO2/O2) of growing-finishing gilts averaged over the 
entire weight range at different environmental temperatures (Tdp= 10 – 14 °C).  
Temp,° C HP, W/kg MP, % of HP FI, kg/day RQ 
16 
20 
24 
28 
32 
2.60±0.04a 
2.55±0.04a 
2.34±0.04b 
2.22±0.04c 
2.21±0.05bc 
20.6±2.4a 
29.9±2.3b 
38.4±2.5c 
52.0±2.2d 
71.1±2.7e 
2.03±0.1a 
1.91±0.1a 
1.76±0.1a 
1.42±0.1b 
0.83±0.1c 
1.029±0.009a 
1.064±0.008b,c 
1.051±0.009a,c 
1.056±0.008b 
1.059±0.010b 
a,b,c  Means within a single column with differing superscripts are significantly different (P<0.05). 
 
In an effort to compare the gilts data with the barrow data reported in Nienaber and Brown-
Brandl (2008), a similar regression equation was developed from the current data: where HP is 
heat production (W/kg), ta is ambient dry-bulb temperature (°C), wt is current live weight of the 
pig (kg). 
Barrows (Nienaber and Brown-Brandl, 2008): 
Log(HP) = 1.792 (±0.060) - 0.0074 (±0.0006)ta - 0.632 (±0.030)log(wt)  (Eq 1) 
 
Gilts (Current Study): 
Log(HP) = 1.555 (±0.060) - 0.0063 (±0.0006)ta - 0.54 (±0.030)log(wt)   (Eq 2) 
 
A graphical representation of equations 1 and 2 are shown in Figure 1.  It is noted that HP 
decreases with body weight and with increasing temperature.  As expected, barrows appear to 
have a higher metabolic rate than gilts.  The differences, although not statistically compared, 
averaged 7.2% and ranged between1.3% and 13.5% lower for the gilts. 
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Figure 1. Comparison of total heat production of barrows, gilts in finishing stage and the current 
standards at similar weights as affected by environmental temperature and body weight for 
typical swine production systems.  Data taken from Nienaber and Brown-Brandl (2008) and 
current study. 
 
Moisture production was quantified as the sum of the condensate collected over the 21-hr 
period within the calorimeter and the change in moisture content of the air passed through the 
system. While the quantification is considered to be representative of the pig’s latent heat loss, 
there is evaporation from wet surfaces within the calorimeter which contributes to the total MP. 
The MP in the calorimeter would not be representative of a production facility, as the waste 
handling system contributes to the overall moisture load within a facility and the waste handling 
system is not accurately simulated within the calorimeter.  Table 2 summarizes the MP as a 
function of environmental temperature, but in Figure 3, is a comparison of the barrows and the 
gilts latent heat production.  The MP figure was generated from the following equation (where 
LHP= latent heat production in W/kg, wt=weight in kg, ta=ambient temperature in °C): 
 
Barrows (Nienaber and Brown-Brandl, 2008): 
LHP=- 0.64 (±0.34) + .117 (±0.014) ta + 0.0019 (±0.0038) wt - 0.00054 (±0. 00015) ta wt       (Eq. 3) 
 
Gilts (Current Study): 
LHP=- 0.46 (±0.45) + .077 (±0.018) ta + 0.0029 (±0.005) wt - 0.00032 (±0.00020) ta wt          (Eq. 4) 
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Figure 2. Comparison of latent production of barrows vs. gilts in grow-finish stage as affected by 
environmental temperature and body weight for typical swine production systems.  Data taken 
from Nienaber and Brown-Brandl (2008) and current study. 
 
The MP of the barrows averaged 17.17% higher than that of the gilts, ranging from -24.8 % to 
30.43%.  The portion of the data where the gilts had a higher LHP than the barrows could be a 
result of a higher flow rate used on the cup waterer or the result of the urine not draining as fast 
as in the barrows and evaporating more.  Therefore, the area in which the gilts had a higher 
LHP than the barrows is most likely due to a difference in measurements not an actual shift in 
response. 
The difference between THP & LHP as a function of temperature and body weight is illustrated 
in Figure 3.  LHP increases with increasing temperature, but animal weight has little impact on 
the resulting LHP for either the barrows or the gilts.  
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Figure 3.  Total heat production and moisture production of growing-finishing gilts as affected by 
environmental temperature and body weight for typical swine production systems. Moisture 
production measure includes unknown moisture losses from manure trays. 
 
Circadian Rhythm 
Heat production was determined at 10 min intervals over the course of the 21-hr calorimetry run.  
These observations were used to evaluate the circadian rhythm in HP.  Average HP as 
computed from the analysis of the sample bags over the 21-hr period.  During the analysis of 
these sample bags, the analyzers were carefully calibrated and the accuracy was reflected in 
the system recovery tests with the burning of alcohol (1.5% accuracy). The dynamic, 10-min HP 
values depended on the same analyzers, air volume meters and associated line temperature 
and pressure sensors except that barometric pressure changes could lead to erroneous oxygen 
concentration readings over time. Therefore, all 10-min readings were adjusted by the ratio of 
the average 10-min reading to the overall average measurement for each calorimetric run. 
Comparison of those averages and the adjustment ratios were within 5%. 
 
Those corrected readings were summarized as hourly HP (Figure 4) over the 21-hr period from 
10:30 AM through 7:30 AM the following morning. For each hourly HP value, there was a strong 
temperature effect (P<0.01). The 16 and 20 °C treatments had a greater HP than the higher 
temperatures (24, 28, and 32 °C).  It is interesting to note that HP of the 24 °C followed a similar 
pattern to the cooler temperatures, while the higher temperatures (28, 32 °C) initially decreased 
before falling into a similar tread.  The lights were turned off at 6PM (between the 7th  and 8th hr 
measurement of the day) and came on at 6AM (between 19th and 20th hr measurement). Active 
(anticipatory) feeding was observed during this late afternoon period.  HP increase was more 
pronounced in the early morning hours, with lights-on, for the three warmer treatments.  A 
similar response was observed in barrows (Nienaber and Brown-Brandl, 2008).  The responses 
were likely due to changes in eating behavior (Nienaber et al., 1990) and total time spent being 
active (Pedersen and Rom, 2000).   
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Figure 4. Circadian rhythm of heat production of growing gilts (average over all body weights) 
exposed to five different temperatures after a 2-week acclimation (Yellow bars indicate period of 
the day with the lights on). 
. 
Conclusion 
A study was completed to quantify heat and moisture production (HP, MP) of growing-finishing 
gilts exposed to five different ambient dry-bulb temperatures (16, 20, 24, 28, 32) over a 12-week 
period (nominal weights of 54.3, 68.7, 81.4, 91.8, 102.8, 113.2).  Heat production was affected 
by temperature and body weight. An equation was developed to predict HP based on 
temperature and pig weight.  Total HP of the gilts averaged 16.5% higher than the standards.  
This difference was lower than that observed in a previous study with barrows (27.5% higher on 
average). Latent HP was included in this report, however, was not representative of the MP of a 
production facility (other studies are underway provide a more accurate representative 
estimate).  The dynamic HP shows that during the light hours HP averaged 5% higher but was 
up to 21% higher as compared to dark hours.  This study was in agreement with other studies 
that HP of modern pigs is higher than the HP and MP values in the literature “standards”.  
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